IB 203 Merit – Week 4, September 18, 2008
Work with your group to find the answers to the following questions.  Use the following outline as you proceed through the problems:  

1) Determine what information you have been given.
2) Select the appropriate formula(s) to answer the question.
3) Use the formula to calculate an answer.  Attach unit measurement to your answer (e.g. indiv/indiv/yr).  Check your math.
“The threatened California red-legged frog has been extirpated from 70 percent of its former range. Threats to this species include urban encroachment, construction of reservoirs and water diversions, introduction of non-native predators and competitors such as the bullfrog, livestock grazing, and habitat fragmentation.”( www.nps.gov/goga/naturescience/amphibians.htm)
1.    You are studying a population of this red-legged frog.  The population size is 1000.  Each female lays 100 eggs, of which only 2% successfully hatch.  You mark some adult frogs and determine that nine out of 10 individuals die every year.

a)    What is the instantaneous rate of growth of the frog population?
b)    Based on the above results, do you expect this population of frogs to persist?
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c)    What is the rate of change in the population size?
2.  The instantaneous growth rate for a population of 789 bald eagles is r = 0.02.

a)    What will the eagle’s population size be next year at this time?  
b)    How many eagles will be in this population five years from now?  Assume the population exists in an unlimited environment.
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3.    Use this figure of a theoretical population with logistic growth to answer the questions below.

a)    What are the units of measurement on the y-axis and what does the dashed line represent?

b)    At what point is the growth rate of this population at its maximum? (mark with an ‘x’).  What is the quantitative relationship of this point to your answer in part a)?

4.  Giant hornbills reproduce once during their yearly breeding season.  A researcher in India studying a population of giant hornbills has revealed the population size was 484 and 414 birds in 1997 and 1998, respectively.  
a)    What is the growth rate in this population?  

b)    If the hornbill population continued at this rate of growth up to present (2008), what is the current population size?  

c)    What demographic factor(s) contribute to the changing population size of the birds? 
5. Arctic moose populations periodically rise and fall roughly in correspondence to a 12-year cycle.  When the population is increasing, is lambda positive, negative, 0, 1, greater than 1, or less than 1?   

Worksheet developed from problem set from Humboldt University, Wildlife 310: http://www.humboldt.edu/~mdj6/310/
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1.    You are studying a population of this red-legged frog.  The population size is 1000.  Each female lays 100 eggs, of which only 2% successfully hatch.  You mark some adult frogs and determine that nine out of 10 individuals die every year.

a)    What is the instantaneous rate of growth of the frog population?
First determine the birth rate (b) (indiv/indiv/yr) - 
Each female lays 100 eggs but only 1% hatch (= a “birth”), so there are [100 * 0.01 = ] 1 births per female. TA note: Don’t ask themto dividing that rate by males involved (keeping it simple for now). 

Second determine the death rate (d) (indiv/indiv/yr) -

9 out of 10 individuals died -- 9 deaths per 10 individuals.  So how many deaths per individual?  9/10 = 0.90.  d = 0.90.  [i.e., there is a 90% chance that an individual dies]

r = b-d.

b = 1.0 and d = 0.90, so r = 1-0.9 = 0.10.

b)    Based on the above results, do you expect this population of frogs to persist?
r = 0.10, which is larger than zero.  When r is larger than zero, the population is increasing….so the population of frogs is likely to persist.

c)    What is the rate of change in the population size?
dN/dt = r*N, so dN/dt = 0.1*1000 = 100.  

2.  The instantaneous growth rate for a population of 789 bald eagles is r = 0.02.
a)    What will the eagle’s population size be next year at this time?   
dN/dt = r*N, so dN/dt = 0.02*789 = 15.78 (OK to keep decimal with dN/dt since it deals with rate of change over time and, when extrapolated over many years, those fractions will be important).

b)    How many eagles will be in this population five years from now?  Assume the population exists in an unlimited environment?
Nt = N0 *e^rt

Nt = 789*(e^(0.02*5)) = 871.98, or 872 eagles (when making a population size calculation, it is better usually to use whole numbers, whole eagles…J )
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3.    Use this figure of a theoretical population with logistic growth to answer the questions below.

a)    What are the units of measurement on the y-axis and what does the dashed line represent?


Number of individuals in population

b)    At what point is the growth rate of this population at its maximum? (mark with an ‘*’).  What is the quantitative relationship of this point to your answer in part a)?


* is the inflection point, or half of the carrying capacity (K).  

4.  Giant hornbills reproduce once during their yearly breeding season.  A researcher in India studying a population of giant hornbills has revealed the population size was 484 and 414 birds in 1997 and 1998, respectively.  

a)    What is the growth rate in this population?  

Nt/N0 = 414/485 = 0.854

b)    If the hornbill population continued at this rate of growth up to present (2008), what is the current population size?  

Nt = lambdat N0.  N2008 = 0.854^10 * 414 = 85 
c)    What demographic factor(s) contribute to the changing population size of the birds? 


Birth rates, death rates

5. Arctic moose populations periodically rise and fall roughly in correspondence to a 12-year cycle.  When the population is increasing, is lambda positive, negative, 0, 1, greater than 1, or less than 1?   
When N is increasing, lambda is greater than one  
TA Note: Ask students…if this was a continuously breeding species would we still be considering lambda? No, r.  What values of r would you expect for an increasing population? (r > 0)
Worksheet developed from problem set from Humboldt University, Wildlife 310: http://www.humboldt.edu/~mdj6/310/
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